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ABSTRACT 


Electroencephalograms were analyzed using synchronous 
Za eoCculon tecunigues £O determine if certain adjacent teeters 
eileareas show significantly increased correlation of ac- 
tivity during mental processing. Computer modeling was 
employed to manufacture synchronous detection displays from 
known artificial EEG traces for purposes of comparison. 

WSime the author sas a subject, 65-85 Hertz bandwidth 
meus caken trom two closely spaced electrodes placed on the 
scalp directly above the temporal-occipital-parietal junction 
mmowemea Sienifticantly increased correlation of activity 


during mental processing. 
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re SUNT RODUC ION 


Ae BIOENGINEERING 

ELOcmnbcCcCmame cdedils Witimime application Of Scrence. and 
technology to problems of biology and medicine. Students who 
take the master's Bros tam pocmeteerine sequence are af- 
Zmmacad the Opportunity to Explore this fascinating field, 
fiemecO dpply their electronics education to problems directly 
momeadtea to Man. One interesting area of bioengineering in- 
volves the study of the human nervous system, especially the 
Peay. It 1S a particularly apt field of endeavor when one 
Gomouders that the nervous system of man iS a nonlinear, sto- 
ime, Cloetrochemieal device. The brain comprises the 
largest part of the nervous system. 

Precisely how does one think? How does one remember? 
MWitatemakes one person more intelligent than another? Can any 
meormmeor feedback be employed to aid learning? We don't know 
Peers tO these questions yet, but state-of-the-art advances 
MmimerectronicS and Computers are hopefully at last providing 
Bemwichn the tools to find out. The author's thesis repre- 
Somes a part of a research project which addresses the above 


me stions. 


Peeee itil RESEARCH PROJECT 

The research project is an ongoing project under the di- 
rection and guidance of Professor George Marmont. It involves 
Biemdctection and analysis of electroencephalograms (EEG's) 


from human subjects while performing mental tasks. 


a 





iiemonyvectives ot the project are: 

1. To obtain new insight about how the brain functions. 

Zee loOrdetermmime Whats recoocnizable EEG patterns exist 
while the brain is involved in mental tasks. 

3. To investigate ways of feeding back a portion of 
the EEG to enhance successful completion of a mental task. 

ware lorexplore methods of biofeedback which would aid 
miepattern recognition. 

PilecwNcseImecuti1on in 197a> tive students have been 
involved with and submitted theses regarding this project. 
the project 1S expected to encompass several years. It is 


being sponsored by NAVELEX. 


C. THE AUTHOR'S CONTRIBUTION 
The author has participated as a subject in the research 
imeogect. He has also assisted in the collection, recording, 


fms tudy O@eeekG data. His main contribution is this thesis. 





II. BACKGROUND 


A. THE ELECTROENCEPHALOGRAM 
eet inl LL Ol 

The electroencephalogram (EEG) is a record of the 
hance changes in the electric potential associated with the 
Pe@Erlty ol the cerebral cortex, as detected by electrodes 
Bomtactineg the surface of the scalp. The magnitude of the 
sealp EEG 1s a function of location, frequency, and brain 
Mee vVity. 

Traditional EEG analysis has been performed using 
emi Chart recorders and a filter bandwidth of zero to 
Deeween 50 and 50 Hz. In the present project wideband an- 
Poememers (zero £0 1000 Hz) have beenm used, as well as ideal 
ecteal filtering techniques to study various frequency bands. 

“eee ceules 

An early team research discovery made by Professor 
Marmont and LT Stephen Dollar was that the raw EEG is really 
the summation of discrete frequency sinusoids. The sinusoids 
lave Spindle shaped envelopes of varying duration. They have 
Poet ven the mame tegules. It is felt that tegules repre- 
fomenaeunte Sleonature Of Cortical activity, and are the re- 
fab Otecortica) activity in definable regions of the cortex 
Beef. 1]. 

ic PareroneioullGmlike stOuseress ae this point that 


Metres sitcm7Or TeSpOnsecs tO an impulse or short, noise-like 






Gevimpulse-like disturbances. This can be clearly seen by 
ebserving EEG's where it is seen that: 

a. Tegules are not time coincident on one channel 
from one filter band to another; 

b. Tegules are usually offset from channel to 
channel in the same frequency band; 

c. They are detected clearly in the overall EEG as 
Sinusoid responses so that the overall EEG can be considered 
aesummation of the tegules occurring at different frequencies. 

3. The Nerve Cell 

Tiemsources ©f the electriG potentials are, of course, 
miemestimated 10 billion nerve cells which comprise the outer 
imeeco 4 mm layer of the cortex. Figure 2-1 shows a simpli- 
Miceemcaiagram Of a cortical pyramidal neuron. The principal 
parts of interest are the cell body (soma), axon hillock, 
Peomencendrites, Synaptic clefts, and synaptic knobs (boutons). 

EielcomhnOwementat di elloctrre potential €x1sts across 
mfcmectl membrane of virtually all body cells. By the use of 
ieemoeclectrodes inserted just inside and outside the membrane, 
Mp pOotential has been observed to be approximately -85 mil- 
mevones. Nerve cells have the additional property of being 
Satweiwaple,  1.€4. they are capable of transmitting electro- 
@iemical ympulses along their membranes. This is due to the 
observed fact that anything which will suddenly increase the 
cell's permeability to sodium will cause a rapid change in 
mie membrane’s eléctric potential which will last about one 


Pebicec Com ticnenetur to tTt's resting value. This sequence 
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of events generates what is called an "action potential." 

It is this potential which is then propagated down the axon. 
The axon terminates at synaptic knobs or boutons, which are 
mic lose physical proximity (approx. 200 A) fo another nerve 
eell body (soma) or nerve cell body outgrowths (dendrites). 
This action potential, upon reaching the synaptic knob, 
Causes small packets (vesicles) of chemical substance to be 
released which depending on the chemical substance type, 
raises or lowers the membrane potential of the receiving cell. 
Generally just one such synapse 1s insufficient to cause an 
Poeeneone potential to be generated in the Feeceiving nerve cell. 
However, many such synapses acting in concert will cause a 
noticeable change in the membrane system which when summed 
faeeesimilar events occurring in adjacent nerve cells, 15s 
Plerici1ent to generate an IR drop in the interstitial fluid 
Tiene’s Dicked Up On the scalp. Therefore each nerve cell 
can produce two different wave forms: a slowly varying mem- 
brane potential and an action potential. It is the summation 
of these potentials from all the cells beneath the electrodes 


which produces the electroencephalogram [Refs. 2, 8, 9]. 


pemeelie CEREBRAL CORTEX 

iitemecehebrale cortex 1s the outer gray layer of the brain. 
iiestunctional part of the cerebral cortex is the outer 1.5 
Eoet mm portion. Due to the convolutions of the surface, this 
mepresents an area of about 2300 sq cm, containing some 10 
billion nerve cells. Figure 2-2 shows a representative cor- 


ee woteleeure. lt is) the cortex that 1s responsible for man's 
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Figure 2-2. Structure of the cerebral crotex. 
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intellect and reasoning ability. It is known that all areas 
of the cortex have connections to and from subcortical sub- 
PiiioGmOretnmeosprain., These subcortical centers act as re- 
Hays points for information to and from the cortex. Dif- 
ferent cortical regions are also known to communicate with 


each other via these subcenters [Ref. 3]. 


Greil LABORATORY SET-UP 

Figure 2-3 shows a block diagram of the laboratory set-up 
Mecdetfor the research project. 

moe lectyrodes 

Bch Mintatube 2 Ml @panermer siiver electrodes 

were used. The electrodes are placed and attached to the 
head by means of a special helmet arrangement designed bv 
Professor Marmont and ENS Russ McWey. The use of the helmet 
famews Last, precise placement of electrodes from subject 
to subject. It also provides a more consistent EEG measure- 
Nemesby climinating the need for a conductive paste between 
Mimemetectrode and the scalp [Ref. 4]. The helmet has proved 
far superior to the previous method which used electrode paste 
tO provide intimate contact between the electrode and the 
scalp and used an elastic headband to hold the electrode in 
Wetec. the electrode paste tended to dry quickly, which 
caused a resistance change between electrode and scalp. 
This in turn altered the EEG measurement. The elastic band 
holding arrangement had a nasty habit of slipping at the 


wrong time [Ref. 1]. 
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Zee Recording Mode 


iMieGeelrellt arrangement by Whien the electrodes are 
Pommected tO their respective differential amplifiers is 
called the recording mode. The current recording mode is 
the average electrode mode (Fig. 2-4). In the average elec- 
meuce mode one input lead of all amplifiers is connected to 
the reference point of a summing network in which equal (80K) 
MesastoOrs are takem to each electrode. This mode was chosen 
beeamse it allows observance of the EEG generated directly 
imeem eeach G€lectrode. At the same time it ignores that part 
mamene EEG Common to all the electrodes. 

ence riterence 

Electrical signals due to the muscular activity 
feet romyograms) and due to the heart (electrocardiograms) 
Mmeemortcnm Of several orders of magnitude greater than the 
Pomel o sucecesstully record and analyze EEG's, one must 
immrmacte these signals. This is done in the Bio Lab by 
eommeeling an electrode from system ground to an area of skin 
memcewly Over the collarbone of the subject. Wowever, this 
doesn’t eliminate electromyograms due to muscular activity in 
miemmeck and head. To climinate these, the subject is placed 
mee reclining chair equipped with a head rest so that he may 
relax his head and neck as much as possible. 

HiieOomiemeimuomenalsmactecteadmon the scalp, especial- 
ijmeo0 tz, are also orders of magnitude greater than the EEG. 
The unwanted signals are uniform over the entire scalp sur- 
face. To eliminate. thesc, the electrodes are fed into dif- 


.ferential amplifiers having a Common Mode Rejection Ratio of 
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Figure 2-4.) Averaging circuit used for averaging electrode 
references. 
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greater than 90 db. These amplifiers also provide the am- 
Mlatication necessary to feed into the analog-to-digital 
eomverter. 

Oeilcmepocstolesouresiage interference Such as RP sig- 
filse being picked Wp and rectified by the amplifier circuits 
feaeecliminated by placing the subject in an 8' by 10' room 
entirely enclosed with copper screening, and by careful 
fewer Supply design and filtering [Ref. 5]. 

4. Computer 

The PDP-11/40 (Digital Equipment Corporation) com- 
misecr Was uSe€d to process the EEG signals. The use of this 
Seipiter enables real-tame analysis of the EEG. It can pre- 
sent the results in either the frequency or the time domain. 
Pimaaddrtion, it enables one to employ digital filtering. 
Data storage is provided via two disc units with a storage 
mapacity Of 1,2 million words/disc. Program storage is pro- 
micded Vid two déc-tape units with a storage capacity of 
148,000 words per tape. 

oe) Gameras 

HiicimeGcs IL tnes DrOcCesscamainorniation irom the 
Sompucer can also be displayed on a non-storage remote oscil- 
Pmeeope where it can be photographed frame-by-frame via a 16 
Mimeaiera, Another remote storage oscilloscope can be moni- 
moucd by a video Caméra. The output from the camera can be 
moped Or fed back to a monitor in the screen room. 

oe Pilotter 
Digital data stored on the disc can be converted to 


timenalocetorm and plotted on a Hewlett Packard point plotter. 
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The plotter enables one to make either single graphs or 


eenip chart recordings. 
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Live Ob Belly ES 


A. OVERALL OBJECTIVE 

imiceovemall objeetive Ofethis thesasei1s tosdetermine 1f 
certain adjacent cortical areas show significantly increased 
eemcelation of activity during mental processing. 

ia cmalbe i Processor 

The brain has been thought of as a body's computer. 
mets. Of Course, a natural Comparison to make. One must be 
aware, however, of the differences in how the brain func- 
tions and how a computer functions [Ref. 10]. 

The medern computer ws a serial processor. It can 
fomeenom Step A to step B, C,...n and give an output. This 
Serial process enables the computer to process a complicated 
mathematical problem and obtain a mathematical solution much 
faster than a man would. 

Onewreason for the special limitation on man is the 
delay in transmission from one neuron to another across the 
femempeic cleft. This process as explained in Section IIB 
takes on the order of 0.5 milliseconds or more. 

Mees brain, however, can do many things the most ex- 
pensive computer cannot do. Its memory capacity far exceeds 
that of even the largest computer. 

The brain far excels in its ability to discriminate 
and recognize patterns. One's ability to recognize a person 
from the sound of one word or to immediately identify one 


Herson OWw Of a laree group by recognizing a characteristic 
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stance or movement are but two examples of what the brain can 
do and the computer cannot. 

Since it routinely performs such functions and since 
mescannot match the computer's speed, one must surmise that 
moee brain acts as a Vast parallel processor. If it is, one 
Pabcecxpect tO tind a correlation between the EEG"s taken 
meen selected areas of the scalp. 

mee Distinctive Frequency Signature 

DrsGovenmyeor cepules Ped ta the question, “Will men- 
tal processing show a distinctive frequency signature?" 
Professor Marmont devised a very complicated program which 
memearled HISCAN, to find out, The HISCAN program processes 
ferectavle Dlocks of data and performs a scanning histogram 
memene data from zero to 207 Hertz. Preliminary runs do in- 
@meare the presence of preferred frequency bands in the 50-207 


Meme range while the subject 1S performing mental tasks. 


eee ee DBACK POSSIBILITY 

Meroncecal siowwmmereased Correlation of the EEG activity 
aime mental processing, one would then have the means of 
feeding back some measure of this correlation to the subject. 
itn e.cedback could have the possibility of acting as a rein- 
fomeer Of the mental task undertaken. As such it could then 
Memesocad as a learning tool. An example would be the use of 
Such teedback to reinforce proper recognition of the patterns 


on ASW phonograms. 


fag | 






IV. METHODS 


fee OY NDET 
iPaeerOssmoeornre la t ron 
The measure of the similarity (or dissimilarity) of 
two time functions may be obtained by computing the cross 
correlation CR... (0 ))) of the two functions, which is repre- 
sented by the formula: 


1 fal 


R(t) = lim == Cea) at . (Cale) 
Xy Tso ¢) Le 


immeeEG amwalysis the x(t) would represent the output 
maommone Clectrode and y(t) would be the output from a second 
meeetroue, Ihe problem one encounters with this formula is 
that the cross correlation involves averaging. Averaging 
eemes to blur things, which is an undésirable feature when 
Giewas trying to obtain localized data. 

ae ocynchronous Detection 

Newoptaliwamilcasimeme: COnterati10on without the un- 
feseranple blurring, Professor Marmont wrote a program called 
See l (an acronym for synchronous detection). This program 
takes continuous input data in block form from separate elec- 
trodes, digitally filters the input fPronecachmelecrroadc , 
Mieciplies them together and displays the results, thus giving 
what may be called a “running cross-correlation."' This pro- 
gram has two advantages: It takes advantage of the sinusoidal 
PoawiGesOL thest1itered EEG te provide recognizable correlation 


Mio ulempatheniS mmancd lt Causes no blurring effects. 


xe 





A simple example of how synchronous detection works 
is to take two constant amplitude sinusoid signals and multi- 
my them together, i.e., let f(t) = cos (w,t) cos (wt al Sy 


1 
cos(w,t 7 Wot - 6) + = cos(w,t + 


The result is f(t) = 5 


2 
Wot + 9) or the sum and different frequencies. If Wa Salads 
= mye 1 
Wo omaee = 0, f(t) 7 + = COS 2w4t. iat Ws equals W and @ 
eemals m, f(t) = - = 5 cos 2w4t. For any other combina- 


feons of frequency and phase, we get a resultant signal com- 
pesed of the slowly varying difference frequency and the 


faster sum frequency. 


B. THE COMPUTER MODELING PROGRAM 

In order to understand better the output from the SYNDET 
program and what it represents, a series of modeling programs 
were written by the author. These programs, called MODSYN, 
were designed to manufacture representative tegule models 
and multiply them together. The output was then compared to 
Pewee! outputs to help model the causes of certain SYNDET pat- 
mammen especially when changes of phase and frequency occurred 
memere Signals being multiplied together. 

mie Major functional parts of the modeling program were: 
wereld Ceneration, envelope generation, filtering and dis- 
play. The modeling program used the same computers and hard- 
Peweemas Was UuSed in the research project. Therefore the 
model was processed in the same manner as the EEG data. 

fe oiiicoud Generation 

Mathematical fLumections were used to senerate the 


fleecessany Sinusoids. the Time Series Language (TSL) software 


aS 





mecd with the PDP 11/40 is especially designed for block manip- 
ulations for the processing of data. Input data is divided 
into blocks. These blocks may then be manipulated as though 
mmey were Separate entities. the programmer specifies block 
Size in number of elements, type and format of data, and 
Sapeine rate. The modeling program used a block size of 
1024 elements and a sampling rate of 512 elements per second. 
Each block word was chosen to represent one sample taken 
every 1/512 second. To generate a sinusoid one first loaded 
Pree olock With sample points representing tne appropriate 
Meese itunction, @(t), for each sample point. One then takes 
the cosine via software routine of 8(t) so the block when 
desplayed gives the desired sinusoid. A tegule was manufac- 


tured Dy gencrating either 2 constant frequency sinusoid or 


OQ 


a linear period sweep sinusoid, then generating an envelope 
smiso1d, and multiplying the two together. 
CeEecOonstant  ) Gedueney womnusoad 
AVCOMStaiimerrcolcte;msmnusSola was penerated Using 
free tormula: 
B(n) = cos 21mfna (a) 
where 


an DOCK scuhetio miss 


B(n) equals the magnitude of the n 
f equals the desired frequency, 
n equals the sample point number which varies from 
Zero to 1023, 
aegua lis) 1/7 542 | 


ancl mminiem@Cncstas 2 SCC). 
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GREAT Be we GUILE 
SINUSOPDSOF TEGULE #1 


CREATE SENY EROR EM SHAPE 
POR] TE GUR a 


MULTIPLY Ve ENGSe ri) 
Mee ENV EOP ee oma: 


SIORE TEGURE SS: ® 
INS BZ 





DISPLAY B2 
EILT i R B2 | 

CREATE TEGULE | 
Lee FOR TEGULE #2_ 


: 


2 as 


CREATE ENVELOPE 
SHAPE FOR TEGULE #2 


v 







MULTIPLY SINUSOID 
X 
ENVELOPE SHAPE 
| 
Vv 


SORES hEGULE #2 
IN B84 


a: 


ZS 














STORE SU EGUlEEOd, Z 
IN B4 


Jet JEJE Js Ba | 


a. 


- MULTIPLY B2 x B4 
ND STORE RESULT IN B4 


| DISPLAY B4 | 


PUeVieme oie tlowsthart for MOUSYN Program. 
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b. Linear Period Sweep Sinusoid 
A linear period sweep sinusoid was generated 


using the formula: 
CD) 
il 
(FF 
B(n) = cos{—“"t__ an[ oo ae ele 
- = T 
f 4, 


: ft, na 
1 


fy Scams S waht it rhequency , 
Ponecdiaes tial frequency , 
equals duration time of sweep (tor the models shown 
meres. 5-1 to 5-13, T equals one sec, 
ieeCuelsscamole point number (0 < mn < 511), 
B(n) equals act block element. 
ae Gonstant Frequency Tecuilre 
The most commonly observed tegule type was the con- 
Stant frequency tegule. <A model for this type was generated 


using the formula: 


B(n) = {[1-cos anf, (na-A) cos auf. (na-Aj}, Ce) 


where 
Eo eqmalscetcuulestrequency , 
f. CauUciswenvVede@pe f£requency , 
Tecamals tiie, de lay , 
hime ayesameras tor Eqn. (452). 
The time delay, A, was inserted to model the effects of phase 


shift of one tegule relative to another. The time delay was 


varied in incremental steps A = to/k, where be Wa and 


a 





k = wees loure = 4-7 Shows “a representative constant 
meeaguency tegule model. 


ae Linear Period Sweep Tepule 


iMewoener stype Ot obServed tecule was the Linear 


period sweep tegule. It was modeled using the formula: 
a 
27T fo a 
Bn) = (1-cos2mf, (na-i))cos ee O10 Sa een £,(na-A)+1]} 
2) 2G 


where 
mecca tse tinal frequency. 
f, equals envelope frequency, 
T equals tegule duration, 
XA equals time delay. 
meme 4-5 ShowS)a representative Mlinear period sweep model. 
fee Filtering 
PMimonrdcretomapproxinate tmesomiPE! program the géener- 
Seeaetepule was filtered to some desired bandwidth. This was 
fesomeiished by DFTing the tegule block, zeroing the unwanted 
Pmemmencies, and then IFTing the biock. 
See Record of Events 
After being generated and filtered, the two tegule 
blocks were multiplied together. The results were then dis- 


played and plotted. 
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lal | L 


Fxeoume 4-2 > Constant frequency tegule. 
GCs eaw lea) 


ras 





Figure 4-3. Linear period sweep tegule. 


(f, cE f, eelez 12 LS = 1 Hz) 
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Vo RE SUES 


A. MODELS 

The following figures will show representative results 
Siemultiplying two tegulles of various frequencies and phase 
miaener. In Gach figure, the Gopmetrace displays tegule 
number one, the middle trace tegule number two, and the bot- 
Pommerace displays the SYNDET pattern obtained by multiplying 
the two tegules together. 

fconscant hrequency Jepules 

Two constant frequency tegules, each having an £ 

caeallins 15 Hz and ee equall lmacmome Hertz were multiplied 
momethner using different time delays for the second tegule 
feldteive to the first tegule.| ihe time delay was varied in 
A = a seeps. FrlguresS => gle tiroutmmeueo Siow Some represen- 
tative results. We see that two identical tegules coincident 
in time give the largest SYNDET response. The low points of 
eee sinusoid all rest upon the zero axis, a characteristic 


eenmom to all cases where the time delay is an integral mul- 





fie of ty: For A = a ty» we see Piecmnach. DOlMts ol. tie 
eewWEl response all rest on the zero axis. For cases where 


in a the resultant wave form resembles a higher fre- 





A = 
miency tegule, 

Pitimesmoaveana o-lUsShoweenesresult of multiplying 
meemconstant Lmequency tegules of different frequencies 


together. 


Sl 








e 
Ni 
Sy DET , ANY 


meeure 5-1. SYNDET display resulting from two identical con- 


Teilewereducney GeCgulesawith no time delay (i.e. 
X= 0). 


SZ 





1 





Teg#1 ie 


feeerre 5-2. SYNDET display CC oUeemeenom 2vwo. identical con= 
Stant frequency tegules with time delay \» = 1/8 ce 


5.5 








| nce 7e 


SYNDET 


1/4 um 


— 
— 


SYNDET display resulting from two identical con- 
34 


stant frequency tegules with time delay A 


meoure 5-3, 






ILS ely 


os 
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Wee eat 





te 


SYNDET 


1Ssec 


3/8 i 


Sawer edasplay resuleine arom two identical con- 
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Sete neducncy teguies wath time delay A 


Eeeotiye 5-4. 









| SAN Sevens nae tease sR rere: 


OY We ek He ee vend eandean 


SYNDET 


SYNDET display resulting from two identical con- 


Eeure 5-5, 


1/2 T 


O 


SeMusitequency teguiles withetame delay A 
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16 Siz 


SOYNDET 





1 sec 


metre S-0,8) sYNDET display resulting from two identical con- 
Seitestnequency teguilcseWwithwuwme delay A = 6 ie 


oy 









SYNDET Aff VAS VA, [Pama fifi Ap MAM t 


fi 


mesures s-7. saYNDET display resulting from two identical con- 
Seance £requency tegiuies with time delay % = /.25 te. 
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Feeeure 5-S. SYNDET display resulting from two identical con- 
Semi roaqueney teoculec wwitmmtrme delay A4 = 7.5 de 


0 





SYNDET vi) i “ill Wwe t 


fieere 5-9, SYNDET display resulting from two constant fre- 
Micteve tccukes Ot idimmenent + requcney. 
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fi =e lo iz 


f, = 2.5. He 





SYNDET display resulting from two constant fre- 


meeure 5-10. 


quency tegules of different frequency being 


Monee ld Cd GO metic 1. 


41 





Zemeuinear Period Sweep Tegules 


Two linear period sweep tegules were multiplied to- 
gether using different time delays and different frequencies. 
It was observed that the result for A = 0 (no time delay) 
had the same characteristic shape as that observed for i’ = 0 
Meeene constant frequency case.” For cases where A # 0, the 
mesultant SYNDET patterns were "skewed." The pattern and 
peer Of skew depended on the sweep frequencies. The pat- 
terns observed when different frequency linear period sweep 
moles were multiplied together were similar to the constant 
frequency case but with a skew effect. Figures 5-11l.through 
5-14 show representative models. 

Tnesunmanry, the models Showethat symehronous detce- 
muons 2 Sensitive and clear indicator of correlation between 
two signals. Synchronous detection then, gives one a good 
measure of what is common to two electrode lead offs. ie 
takes advantage of the sum and difference frequency patterns 
rape result from multiplying two sinusoidal signal together. 
Semecs Of phase and frequency are clearly discernible and 
Samepe readily identified. The results of SYNDET runs show 


Pare rns Similar to the above model results. 


Meee COMPARISON OF ACTUAL SYNDET RECORDS WiTH MODELS 
lidMemicrmaleoYNDET records Consist Of fan-fold chart re- 
Mermdines consisting of six traces. Each trace 1S approximately 
meeinches lone and represents 18 consecutive one-second frames 
@reedata. Traces one, three and five are EEG's from electrodes 


ene, two, and three. Trace two is the SYNDET of electrodes 
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Paeure 5-11. SYNDET display resulting from two identical 
iimear perlod Sweenecepules With Me iimnie=de lax, 
(A=0). 












Teg #1 pm [\ a = 
= 10 Hz 
= 15 Hz 
= 1 Hz 
ae 
7 Ue 
few i 2 px “ 
VAR AAA 
PU TULA UT 
V Hh aap 
A 
VE a 
| if 
iy | 


merere 5-12, SYNDET display resulting from two identical linear 
Dert2od Sween UCMmreo Wien EIMe Cela) \ = 057 a See 

ay ee ee 
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feeure 5-13. SYNDET display resulting from two identical linear 
period sweep tegules with time delay A = 0.1 sec 
ole te OVE Once hel (Ot mEnero ND alt ie iin 
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SYNDET 





mene o-4. SYNDET display resulting from two different 
minicar) Perrod svecpetcoules. 
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one and two. Trace four is the SYNDET of electrodes two and 
three. Trace six is the SYNDET of electrodes three and one. 
The trace lengths shown in the figures represent about one 
and one half seconds worth of data. Electrodes one and two 
meme closely spaced and usually placed over the dominant 
hemisphere temporal-occipital-parietal junction. Electrode 
three was placed in various locations. 

The data runs were made in 100 frame (one frame per sec- 
ond) increments. A typical run would consist of twenty five 
Mmeanes eyes closed-relaxed followed by 65 frames of eyes 
m@uocea-problems, ending with ten frames eyes closed-relaxed 
acaan. the problems consisted of simple multiplication 
problems. Each run was done using a chosen filter band- 
femme. Bandwidth frequencies used have been §-25, 15-30, 
530-45, and 65-85 Hz.. The 5-25 Hz bandwidth was chosen in 
meacr CO include low frequencies and alpha. The 15-30, 30-45, 
and 65-85 Hz bandwidths were selected because they encon- 
Massed preferred frequency bands as determined by the HISCAN 
program. The full 100 frame run was stored on disk from 
which the selected 18 frame SYNDET segments were recorded. 

Drones od through S-1l6 showeactugieSYNDET traces use ihe 
ermeledc traces are similar to those modeled. The number next 


mo each circle refers to the figure number of the model. 


eee oYNDET RECORDS WITH AND WITHOUT PROBLEMS 
Figures 5-18A through 5-19B show segments of SYNDET runs 
Meine the author as a subject. For runs one and two elec- 


mEOuesmone ana two Were placed close together directly over 
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Ieeeutre S-18A. Graph from SYNDET run #2: 65-85 Hz bandwidth, 
eyes closed-relaxed. 
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ieee 5-188. Graph from SYNDET run #1: 65-85 Hz bandwidth 
eyes closed-problems. Note the increased 
Correlatroneandmre rotor sYNDET trace 1, 
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Peeeure 5S-19A. Graph from SYNDET run #3: 65-85 Hz bandwidth 
eyes closed-relaxed. 
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memetire o-19B. Graph from SYNDET run #4: 65-85 Hz bandwidth, 
eyes closed-problems. Note again how the level 
and correlation of SYNDET trace #1 increases. 
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Diemlctl temporal - Occipital parietal juncture (TOP) while 
electrode three was placed on the left forward parietal area. 
forenuns three and four, electrodes one and two were placed 
Peemethie right TOP_and electrode three was placed over the 
wepmecnter (apex) of the head. The frequency bandwidth of 
65-85 Hz was chosen as a result of a HISCAN analysis of pre- 
ferred frequencies of the author's EEG's. As is shown in 
Peeures 5-186 and 5-195, there 1s a definite increase in 
correlation between electrodes one and two during mental 


Paenain ¢ , 


New 2 RAME INTEGRATION 

The SYNDET trace from electrodes one and two was inte- 
grated on a frame by frame basis over the 100 frame run, in 
Gueemeto Obtain a more quantitative méasure of correlation 
Pommeeneelectrodes, Figures 5-20 through 5-23 show the re- 
Wikemeor this integration for séveral different filter band- 
Meeeeruns, Each bar represents the SYNDET trace integration 
of one frame. The 65-85 Hertz runs clearly show an increase 


in level during mental tasking. 
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Note the increased level 
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PyeeecORRELATION ESTABLISHED 

It has been shown that due to the tegular nature of fil- 
tered EEG's a synchronous detection method of determining 
the correlation between cortical locations is a sensitive 
indicator of instantaneous correlation. Mode Veo eeec aules 
were made and multiplied together in different phase and 
frequency configurations. The resultant model SYNDET pat- 
meats Fave insight to the pattern obtained during actual 
feviel runs, and confirmed the clear SYNDET pattern obtained 
Wwmem Correlation existed between two electrodes. 

itesamount of correlation between two electrodes has 
meenmobserved to be both frequency and location sensitive. 
Pemeerequencies below 50 Hz no significant change in the de- 
memotncorrelation has been observed between closely spaced 
pmectrrodes, at the particular locations chosen, when the sub- 
fees tehaxed and then engaged in mental activity.  Re- 
Peewee conaucted to date indicates that at the 65-85 Hertz 
mame tie amount of correlation depends on mental activity, 
With the greater correlation occurring when the subject is 
engaged in mental tasks. (Figs. 5-17, 5-18, 5-21, 5-22.) 
Bees pOSs@ole that at other electrode locations correlation 


Myeocclr dt different frequency bands. 


B. OTHER FINDINGS 
Glesemeoxrcamination of the lone 18-frame reconds of the 
SYNDET and EEG traces reveal several items of interest: 
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ioe ET OUSs DieChOMenON Wdc scl scl vc cuOMle tie Os Gomer tz 
mince [here was a noticeable timeplac in the subject's re- 
sponse from going from eyes closed-relaxed to eyes closed- 
problems and when going from eyes open-problems to eyes 
€losed-relaxed. One would not expect to get a one to four 
second delay. To the subject, the mental change seems 
instantaneous. 

2. Another curious phenomenon was the correlation pat- 
terns that seemed to appear when many frames were graphed on 
mmoles trace, On the SYNDET traces, comnelation seemed to 
Seeimein groups of three or more peaks. The pattern ais 
esi ve and as yet not completely definable. 

Seeeit, atter looking at EEG traces, one had to estimate 
an average tegule length, one would guess it at about 0.1 
weeoma. Ihis is, of course, the period of alpha, which then 
Meaas one to speculate that alpha must be some sort of strob- 


Mimemot onal in the brain. 


feeeay THE TOP AREA WAS CHOSEN 

It has been determined from physiological studies in 
mrerneanimals that all areas of the cerebral cortex not im- 
mediately associated with either sensory or motor functions 
pea an important part in the ability to learn, complicated 
imebormation. Furthermore, memory seems to be distributed 
throughout the cortex and not isolated specific areas. 

Knowledge of these facts made it difficult to choose a 
mete at which to start our investigation. The temporal- 


occipital-parietal (TOP) junction was chosen as the site of 


61 





Witletal investigation £or our studies becausesit 1s known 
that this particular area is especially important for many 
of the intellectual functions of the cortex [Ref. 6]. 
meeetrical stimulation in this area causes highly complex 
arauchts. Destmietion Gf this aneagein anvadult is knowneto 
@amse a great void in his intellect [Ref. 2]. Neurophysio- 
Bowreal Experiments in this area have also determined that 
this area is an important association area that receives 
auertory, visual, and tactile information. 

Meemoujyectives “of the thesis wvere saecomp lishedmus ine 
this area for electrode placement and having the subject 
engage in simple mental tasks which consisted of solving 
Easy, rapid-fire math problems. This type of mental task 
mmonly one type of mental processing by the subject. There 
ppesindications that another type of mental task would in- 
wolywe a completely different mental process [Ref. 11]. 
heme this process occur at the same or at different fre- 


G@uemeres’ This will be the subject of further investigations. 


eee A NEW APPROACH 

heeicmtclt tnat Dr. Marmont's team iamyestigation 1s a 
new approach in that: 

imelnes=xescaren team 1S rete limitimeits area of investi- 
@ation to frequencies less than 50 Hertz. Loewegia, Siminova, 
ame Creutzteldt in their investigation of EEG changes during 
performance of various tasks restricted their investigation 
momess thamwes0 Hz EEG components [Ref 21]. Indeed it is 


at frequencies well above 50 Hertz that show the most promise 
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of giving us more insight into mental processes. As stated 
earlier, Professor Marmont's HISCAN program is revealing what 
appears to be preferred frequencies in the 60-250 Hz range. 
Some of these frequency bands are different when the subject 
meinvolved in mental tasks as opposed to when he is relaxed. 
Other bands are found to be the same during both states. In 
either case the prospect of investigating this phenomenon 
mrtner 1s €xciting, and should give valuable new insight 
mea the mechanics of mental processes. 

Zeeeusime the FHP-11 computer ws egeiving the Geam the 
capability of digital filtering, real-time analysis, and 
data storage. Being able to store the raw data from EEG's 
on disc and then reprocess it in any number of ways has been 
most helpful. 

Seek achner than limitine itself to the traditional stinmu- 
[Memnacesponse approach, [Ref. 12], the team 1s concerning 1f- 
self with the investigation of actual thought processes; what 
recognizable patterns exist, how they differ, and how they 


may be similar. 


(ob DBACK POSSIBILITY 

Omecwome Mas a Signal that 1S 9ditterment when the subject 
meerelaxed and when he is engaged in mental tasks, one then 
has the means to feedback a signal to reinforce or maintain 
fae mental thoughts. Such a feedback signal could be displayed 
Mmentne subject as a light, as a change in background illumina- 
t10n, as a color, as an audio tone, or as a visual display in 


mien time Leedback Signal varies some parameter of the display. 


OS 





The team has a Heads Up Device (HUD) System, which is a dis- 
Mihay system used in aircraft. _Ihis device has excellent 
feedback display potential. Clearly, the possible feedback 
methods are numerous. The only constraint is that the sig- 
iar must in some way help to maintain or reinforce the de- 
mimed thought processes. It 1s felt this exciting prospect 


itemclose at hand. 
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